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ABSTRACT: A circuit breaker having an electromagnetic ac 
tuator which comprises at least one primary coil connectable 
to the circuit during breaking operation, a short circuit coil as 
sociated with said primary coil, means for movably supporting 
one of said primary coil and said short circuit coil, and com 
pressing means for an arc-extinguishing gas mechanically con 
nected with the movable one of said primary coil and said 
short circuit coil, said primary coil and/or said short circuit 
coil having a large axial length such that the electromagnetic 
repulsive force acting therebetween has a flat characteristic, 
the movable one of said primary coil and said short circuit coil 
being brought into overlapped relation with the other in a part 
of the moving stroke thereof. 
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GAS BLAST CIRCUIT BREAKER WITH PUFFERPSTON 
HAVING ANELECTRODYNAMCASSISTIN THE FORM 

OFAXALLY OVERLAPPNG COLS 

This invention relates to circuit breakers and more particu 
larly to an actuating device for a circuit breaker of the so 
called electromagnetic puffer type in which electromagnetic 
force produced by a current to be cut off is utilized to com 
press an arc-extinguishing gas which is directed to extinguish 
the arc generated as a result of the separation of contactors 
within a closed vessel containing therein the said gas. 

In a circuit breaker wherein an arc-extinguishing gas is com 
pressed prior to cutoff of current, the time required for effect 
ing the desired degree of compression is extremely limited 
since compressing operation is started after the breaking in 
struction is given. A quite large actuating force is required in 
order to compress the arc-extinguishing gas up to a predeter 
mined pressure within a limited period of time. A method 
which utilizes the electromagnetic force of a large current to 
cut off such as a short circuit current is disclosed, for example, 
in U.S. Pat. application Ser. No. 582,925 (Japanese Pat. Publi 
cation No. 8052/1967). 

Electromagnetic force includes replusive force and attrac 
tive force. In the case of actuating force for a circuit breaker 
of the puffer type, the electromagnetic repulsive force is more 
effective than the electromagnetic attractive force in view of 
the fact that the large force developed in the early stage of 
repulsion acts as a force of inertialater. 
However, the electromagnetic repulsive force decreases 

abruptly with an increase in the distance between a primary 
coil and a short circuit coil. In a device of this kind, current is 
diverted to the primary coil after one of the primary coil and 
the short circuit coil is moved to a certain extent by an exter 
nal actuator. Therefore, the maximum repulsive force cannot 
be utilized and the pressure of the arc-extinguishing gas in 
creases gradually with the movement of compressing means 
such as a puffer cylinder and becomes maximum at a position 
corresponding approximately to 80 percent of the total 
distance of the movement. Thus, the operable range of the 
electromagnetic repulsive force is quite narrow and the elec 
tromagnetic repulsive force is weakened already when a suffi 
cient actuating force is required. In view of the above fact, re 
liable operation cannot be expected. 

Further, in the actuating device utilizing an electromagnetic 
repulsive force, initial surge occurring between the contactors 
during throw-in operation causes a current to flow through the 
primary coil. In the circuit breaker of this kind adapted espe 
cially for use in a high-voltage circuit, a large current flows 
through the primary coil to produce electromagnetic repulsive 
force between the primary coil and the short circuit coil. The 
electromagnetic repulsive force generated during the throw-in 
operation opposes the throwing force and may sometimes ob 
struct the throw-in operation. 

It is an object of the present invention to provide a circuit 
breaker in which a primary coil and a short circuit coil con 
stituting electromagnetic actuator means have a large axial 
length and are arranged to overlap each other in a part of the 
moving stroke so that a constant actuating force can be ob 
tained even if current is diverted to the primary coil at what 
ever position of the primary coil and short circuit coil. 
Another object of the present invention is to provide a cir 

cuit breaker in which an external actuator for effecting the 
breaking operation in the early stage of breaking and the 
throw-in operation is combined with the electromagnetic ac 
tuator means so as to direct a gas in an amount which is depen 
dent on the value of current to be cut off. 
A further object of the present invention is to provide a cir 

cuit breaker of compact and simple structure in which a puffer 
piston is fixed to the short circuit coil and a puffer cylinder is 
movable relative to the puffer piston. 
Another object of the present invention is to provide a cir 

cuit breaker in which short circuiting means adapted for inter 
locked operation with a movable contactor connects the pri 
mary coil to the circuit during breaking operation and short 
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2 
circuits the primary coil during throw-in operation so as to 
prevent flow of current through the primary coil even with the 
appearance of initial discharge and to ensure smooth throw-in 
operation. 

In accordance with the present invention, there is provided 
a circuit breaker of the kind in which an arc-extinguishing gas 
enclosed therein is compressed prior to separation of contac 
tors and the compressed gas is directed to the arc occurring 
between the contactors to extinguish the same, said circuit 
breaker comprising electromagnetic actuatc means having at 
least one primary coil connectable to the circuit during cutoff 
of current, a short circuit coil associated with said primary 
coil, means for movably supporting one of said primary coil 
and said short circuit coil, and compressing means for the arc 
extinguishing gas mechanically connected with the movable 
one of said primary coil and said short circuit coil, said prima 
ry coil and/or said short circuit coil having a large axial length 
such that the electromagnetic repulsive force acting 
therebetween has a flat characteristic, the movable one of said 
primary coil and said short circuit coil being brought into 
overlapped relation with the other in a part of the moving 
stroke thereof. 

Other objects, features and advantages of the present inven 
tion will be apparent from the following detailed description 
taken in conjunction with the accompanying drawings, in 
which: 

FIG. 1 is an external view of the circuit breaker according to 
the present invention; 

FIG. 2 is an enlarged vertical sectional view of the breaker 
section of the circuit breaker shown in FIG. 1; 

FIGS. 3 and 4 are schematic sectional views showing 
modifications of the primary coil in FIG. 2; 

FIG. 5 is a schematic sectional view showing a modification 
of the short circuit coil shown in FIG. 2; and 

FIG. 6 is a transverse sectional view taken along the line 
VI-VI in FG.S. 

Referring to FIG. 1, a grounded tank 1 containing the 
breaker section is fixedly mounted on a support frame struc 
ture 2 which is secured to the ground. The grounded tank 1 
has a pair of external terminal portions 3 and 4 on the same 
side so that current flows into and out of the grounded tank 1 
through the external terminal portions 3 and 4. An actuating 
rod 5 extends movably into the grounded tank 1 through the 
lower bottom portion of the latter and external actuator 6 is 
operatively connected with the actuating rod 5 for actuating 
the breaker section contained within the grounded tank 1. In 
the case of a three-phase circuit, three grounded tanks 1 may 
be fixedly mounted on a support frame structure 2 and simul 
taneously actuated by a common external actuator 6. 
As shown in FIG. 2, conical insulators 7 and 8 are disposed 

in the external terminal portions 3 and 4 for electrically insu 
lating conductors 9 and 10 from the grounded tank 1, respec 
tively. An arc-extinguishing gas such as sulfur hexafluoride 
(SF) is filled within the grounded tank 1. The external ter 
minal portions 3 and 4 as well as the portion through which 
the actuating rod 5 penetrates the lower bottom of the 
grounded tank 1 is hermetically sealed against leakage of the 
arc-extinguishing gas. 
The conductor 9 is connected to a hollow stationary contac 

tor 12 which is fixed to an insulator 11 suspended from the top 
portion of the grounded tank 1. A gas discharge box 13 having 
a port 13a is mounted in the insulator 11 so that the arc-extin 
guishing gasblown into the hollow space of the stationary con 
tactor 12 can be discharged into the internal space of the 
grounded tank in a manner which will be described later. 
When the circuit breaker is thrown in, a movable main con 

tactor 14 contacts the outer peripheral portion of the stationa 
ry contactor 12 to secure the state of main contact. A movable 
arcing contactor 15 extends shightly into the hollow space in 
the stationary contactor 12 so as to produce an arc between it 
and the stationary contactor 12 when the main contactor 14 
moves away from the stationary contactor 12 for breaking 
operation as described later. The movable arcing contactor 15 
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is concentrically supported through insulators 16 and 17 
within a tubular member 18 of conductive material to which 
the movable main contactor 14 is fixed. Thus, the movable 
main contactor 14 and the movable arcing contactor 15 make 
substantially the same operation. 
A current collector 19 fixedly supported by a flange portion 

20a of a short circuit coil 20 is disposed around an inter 
mediate portion of the outer peripheral wall of the tubular 
member 18, and the conductor 10 is connected to the short 
circuit coil 20. In FIG. 2, the short circuit coil 20 is shown as a 
coil having only one turn or a short circuit ring. However, the 
short circuit coil 20 may have a plurality of turns of conductor 
of small sectional area. A spiderlike support member 21 of in 
sulating material is provided on the tubular member 18 at a 
part adjacent to the movable main contactor 14 and supports 
thereon a movable puffer cylinder 22 and a nozzle 23 of insu 
lating material. The arc-extinguishing gas is filled within a 
puffer chamber 25 defined by the cylinder 22 and a stationary 
puffer piston 24 fixed to the flange portion 20a of the short 
circuit coil 20. During breaking operation, the arc-extinguish 
ing gas compressed in the puffer chamber 25 is directed to the 
arc between the contactors by being guided by the nozzle 23. 
A primary coil 26 molded in a mass of resinous material 

such as epoxy resin is fixed to a support member 28 of conduc 
tive material which is secured to the actuating rod 5, through 
an annular support member 27 of conductive material in the 
space defined within the short circuit coil 20. A knife edge 
contactor 29 is provided on the support member 27. The knife 
edge contactor 29 is in contact with a conductor 30 which is 
connected electrically with the lower end portion of the arcing 
conductor 15 and penetrates the tubular member 18 in electri 
cally insulated relation therefrom. A flexible conductor 31 
connects the primary coil 26 with the conductor 30 so that the 
primary coil 26 is substantially short-circuited when the knife 
edge contactor 29 is in contact with the conductor 30. 

In a space 32 defined between the support members 27 and 
28 of conductive material, an auxiliary actuating member 33 
of conductive material is slidably disposed which extends 
through the opening of the support member 27 to be mechani 
cally and electrically connected with the tubular member 18. 
A flexible conductor 34 is connected between the support 
member 28 and the auxiliary actuating member 33 to ensure 
intimate electrical coupling therebetween. The short circuit 
coil 20 is fixed to a member 36 of magnetic material through a 
member 35 of insulating material and the magnetic member 
36 is fixed to the grounded tank 1 through a member 37 of in 
sulating material. The magnetic member 36 attracts the pri 
mary coil 26 during breaking operation so as to apply a 
satisfactory actuating force. In order that electromagnetic 
repulsive force developed between the primary coil 26 and the 
magnetic member 36 due to interlinkage of the magnetic 
member 36 with the magnetic flux generated by the primary 
coil 26 may not obstruct the desirable attraction, the magnetic 
member 36 may be axially split into a plurality of sections so 
that it may not have one complete turn. 
When the actuating rod 5 is driven in a direction of the 

arrow by the external actuator 6 in response to a breaking in 
struction, the auxiliary actuating member 33 makes a sliding 
movement in the space 32 and then engages the support 
member 27 so that the movable main contactor i4 and the 
movable arcing contactor 15 move together with the tubular 
member 18. Simultaneously, the knife edge contactor 29 
moves away from the conductor 30 to release the short circuit 
of the short circuit coil 26. Further, the movement of the ac 
tuating rod 5 releases the state of main contact between the 
stationary contactor 12 and the movable main contactor 14 
and an arc is generated therebetween. 

In the meantime, the arc-extinguishing gas in the puffer 
chamber 25 is compressed to a certain extent and has now a 
certain pressure. The arc-extinguishing gas at pressure flows 
into the hollow space in the stationary contactor 12 by being 
guided by the nozzle 23 and the arc shifts from the movable 
main contactor 14 to the movable arcing contactor 15. Due to 
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4. 
the shift of the arc, current flows through the primary coil 26 
to produce electromagnetic repulsive force between the pri 
mary coil 26 and the short circuit coil 20. 
The timing of separation of the knife edge contactor 29 

from the conductor 30 has not an appreciably important rela 
tionship with the timing of separation of the movable main 
contactor 14 from the stationary contactor 12, because an arc 
may also be produced between the knife edge contactor 29 
and the conductor 30 when the separation of the knife edge 
contactor 29 from the conductor 30 takes place in simultane 
ous relation with the separation of the movable main contac 
tor 14 from the stationary contactor 12. However, the arc 
voltage is equal to the voltage drop across the primary coil 26 
and it is technically possible to suppress the voltage drop at a 
very small value. Further, the arc will immediately be extin 
guished by the insulating nature of the arc-extinguishing gas. 

In cutting off a small current such as a rated current, the 
electromagnetic repulsive force generated between the prima 
ry coil 26 and the short circuit coil 20 does not have an ap 
preciably large value and does not sufficiently contribute to 
the compression of the arc-extinguishing gas. This is very ef 
fective for cutting off such a small current. That is, when the 
arc-extinguishing gas is compressed to a high gas pressure dur 
ing cutoff of small current, the gas at high pressure will be 
strongly directed to the arc to give rise to a current-chopping 
phenomenon which brings forth a disturbance in the circuit. 

In cutting off a large current such as a short circuit current, 
a very large electromagnetic repulsive force is generated and 
transmitted to the auxiliary actuating member 33 through the 
support member 27 so that the arc-extinguishing gas is 
strongly compressed to be directed to the arc. In this case, the 
electromagnetic repulsive force imparts a strong actuating 
force for a long period of time due to the fact that the primary 
coil 26 and the short circuit coil 20 overlap each other over a 
substantial period of time and the primary coil 26 is attracted 
towards the magnetic member 36. Thus, a strong actuating 
force can always be obtained and a stable gas blow is directed 
to the arc even if current is diverted to the primary coil 26 at 
any time. 
When the center of the primary coil 26 registers with the 

center of the short circuit coil 20, the electromagnetic repul 
sive force acts to compress the primary coil 26 in its radial 
direction and acts to expand the short circuit coil 20 in its 
radial direction, resulting in the absence of any effective ac 
tuating force in such a position. Thus, in a modification shown 
in FIG. 3, the primary coil 26 is asymmetrically wound in its 
axial direction, that is, the primary coil 26 is closely wound on 
the side connected with the annular support member 27 and is 
less closely wound on the side connected with the flexible con 
ductor 31 so that the electromagnetic repulsive force can con 
tinuously effectively act from the beginning of actuation. 
Further, as shown in FIG. 4, the primary coil 26 may have a 
double wound portion on the side adjacent to the annular sup 
port member 27 so as to produce an asymmetrical magnetic 
field. 
A peak appears more or less in the characteristic of the 

electromagnetic repulsive force as the primary coil 26 moves. 
Thus, as shown in FIGS. 5 and 6, the short circuit coil 20 may 
be axially split into two sections and short circuit bars 38 may 
be used to shift the short-circuiting position with respect to the 
short circuit coil 20 thereby to produce a stable electromag 
netic repulsive force therebetween. 
When the actuating rod 5 is urged in a direction opposite to 

the arrow in response to a throw-in instruction, the auxiliary 
actuating member 33 makes a sliding movement in the space 
32 until finally it abuts the support member 28 thereby to start 
substantial actuation of the members including the movable 
main contactor 14. While the auxiliary actuating member 33 
makes its sliding movement, the conductor 30 is contacted by 
the knife edge contactor 29 to short circuit the primary coil 
26. Even when initial surge discharge takes place between the 
stationary contactor 12 and the movable arcing contactor 15 
during the throw-in operation, current does not flow to the 
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primary coil 26 and flows from the knife edge contactor 29 to 
the short circuit coil 20 through the auxiliary member 33, the 
flexible conductor 34 and the support member 28. Therefore, 
no electromagnetic repulsive force is generated and the 
throw-in operation can smoothly be effected with a very small actuating force. 

In the embodiment described above, the movable arcing 
contactor 15 is not in contact with the stationary contactor 12 
in the thrown state of the circuit breaker. However, the mova 
ble arcing contactor 5 may be made slidable so that it con 
tacts the stationary contactor 12. In this case also current does 
not flow to the primary coil 26 through part of the current 
flows through the movable arcing contactor 15, since the pri 
mary coil 26 is short-circuited. Thus, there is utterly no possi 
bility that breaking operation takes place in the absence of a 
breaking instruction and the circuit breaker can satisfactorily 
be kept at its thrown state. 

in the embodiment described above, the movable main con 
tactor 14 is slidably connected with the actuating rod 5 
through the auxiliary actuating member 33. However, the 
movable main contactor 14 may directly be connected with 
the actuating rod 5 without the use of the auxiliary actuating 
member 33. In such a case, the knife edge contactor 29 may 
be fixed to the flange portion 20a of the short circuit coil 20 so 
that it contacts the conductor 30 at a position prior to occur 
rence of initial discharge during the throw-in operation, that 
is, at a position at which no initial discharge does not occur. 
This arrangement exhibits the effect same as that exhibited by 
the embodiment described above. In the case of an arrange 
ment as disclosed in U.S. Pat. application Ser. No. 582,925 
cited previously in which electromagnetic drive is effected by 
a combination of a plurality of attraction coils and repulsion 
coils, all the coils may be individually or wholly short-circuited 
to prevent failure to throw in due to the initial discharge ac 
cording to the present invention. 
What is claimed is: 
1. A circuit breaker for cutting off a load current to be car 

ried through a contact between a stationary and movable main 
contactors, both contactors being opposite to each other, in 
which said current is diverted to an electromagnetic actuator 
means in an operation to separate said movable contactor 
from said stationary contactor by an external actuator and an 
electromagnetic force developed by said current is applied 
together with a driving force of said external actuator to com 
press an arc-extinguishing gas which is directed to the arc to 
extinguish the same, said electromagnetic actuator means 
comprising at least one primary coil to be diverted with said 
load current, a short circuit coil associated with said primary 
coil, such that a current is induced to said short circuit coil by 
said current diverted to said primary coil to thereby produce 
the electromagnetic force between both said coils, means for 
movably supporting one of said primary coil, and said short 
circuit coil, and compressing means for the arc-extinguishing 
gas mechanically connected with the movable one of said pri 
mary coil and said short circuit coil, said primary coil and/or 
said short circuit coil having a large axial length such that the 
electromagnetic force acting therebetween has a flat charac 
teristic, the movable one of said primary coil and said short 
circuit coil being brought into overlapped relation with the 
other in a part of the moving stroke thereof. 

2. A circuit breaker as claimed in claim 1, in which said pri 
mary coil in said electromagnetic actuator means is asymmet 
rically wound so as to produce a magnetic field which is asym 
metrical in the axial direction of said primary coil. 

3. A circuit breaker as claimed in claim , in which said 
electromagnetic actuator means comprises short circuiting 
means for short circuiting said primary coil during or prior to 
throw-in operation and releasing said primary coil during or prior to breaking operation. 

4. A circuit breaker as claimed in claim 1, in which said 
short circuit coil in said electromagnetic actuator means is axi 
ally split in at least one portion thereof and the split portion is 
short-circuited with the movement of said primary coil or said short circuit coil. 

10 

15 

20 

25 

30 

35 

40 

45 

SO 

55 

60 

65 

70 

75 

6 
5. A circuit breaker for cutting off a load current to be car 

ried through a contact between a stationary and movable main 
contactors, both contactors being opposite to each other, in 
which said current is diverted to an electromagnetic actuator 
means in an operation to separate said movable contactor 
from said stationary contactor by an external actuator and an 
electromagnetic force developed by said current is applied 
together with a driving force of said external actuator to com 
press an arc-extinguishing gas which is directed to the arc to 
extinguish the same, said electromagnetic actuator means 
comprising at least one primary coil to be diverted with said 
load current, a short circuit coil associated with said primary 
coil such that a current is induced to said short circuit coil by 
said current diverted to said primary coil thereby to produce 
the electromagnetic force between both said coils, a member 
of magnetic material for attracting said primary coil toward it, 
means for movably supporting one of said primary coil or said 
short circuit coil and said member of magnetic material, and 
compressing means for the arc-extinguishing gas mechanically 
connected with said movable one of said primary coil or said 
short circuit coil and said member of magnetic material, said 
primary coil and/or said short circuit coil having a large axial 
length such that the electromagnetic repulsive force acting 
therebetween has a flat characteristic, one of said primary coil 
and said short circuit coil being brought into overlapped rela 
tion with the other in a part of the moving stroke thereof. 

6. A circuit breaker according to claim 5, wherein said 
means for movably supporting primary coil includes an actuat 
ing rod fixedly attached to a first support member upon which 
an annular support member rests, said primary coil being 
disposed on said annular support member, and wherein said 
compressing means includes a puffer chamber fixedly 
mounted in a first cylinder, which in turn, is affixed to said 
short circuit coil at a flanged portion thereof, whereby during 
breaking operation, said arc-extinguishing gas is compressed 
in a puffer chamber formed by said cylinder and the flange 
portion of said short circuit coil. 

7. A circuit breaker according to claim 6, wherein said 
movable contactors are formed by a pair of concentrically 
disposed conductors centrally arranged within said chamber, a 
center one of which has a conductor contact at the end 
thereof adjacent said primary coil while the outer one of said 
concentrically disposed conductors has formed thereon said 
movable main contactor and wherein a shorting switch is 
located within said primary coil and has one of its contacts af 
fixed to said annular support member and the other of its con 
tacts fixably attached to the winding of said primary coil, 
whereby, upon movement of said actuating rod, said switch 
will open or close dependent upon the direction of movement 
of said rod and said primary coil will be short or open circuited in response thereto. 

8. A circuit breaker comprising: 
a pair of terminals through which current normally flows 

during the closed condition of said breaker; 
a stationary contactor electrically connected with one of 

said terminals; 
a movable contactor disengagably slidable with respect to 

said stationary contactor, whereby current flows directly 
between said contactors during normally closed opera 
tion of said breaker and an arc forms between said con 
tactors upon disengagement thereofduring breaking; 

means, coupled to said contactors, for supplying an arc 
extinguishing gas upon disengagement of said contactors; 

means for separating said contactors from each other, so as 
to interrupt the current normally flowing between said 
terminals, comprising an electromagnetic actuator ar rangement including: 
means for electromagnetically separating said contactors comprising: 
a primary coil, normally short circuited during the flow 
of current between said terminals, and 

a short circuit coil electrically connected to said mova 
ble contactors, one of said primary and secondary 
coils having a large axial length such that the elec 
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tromagnetic force acting therebetween has a flat 
characteristic; and 

means for inducing an electromagnetic displacing force 
between said primary coil and said short circuit coil in cluding: 
means for simultaneously mechanically means for 
simultaneously mechanically displacing said contac 
tors with respect to each other and for displacing said 
primary coil relative to said short circuit coil and for 
initiating current flow therebetween, said simultane 
ous displacing means including means for terminat 
ing the normally short-circuited condition of said pri 
mary coil and providing a current path therethrough, 

whereby an electromagnetic field between said primary and 
said short circuit coil will be generated to assist the 
separation of said contactors by said displacing means, 

9. A circuit breaker according to claim 8, wherein said 
means for supplying an arc-extinguishing gas comprises a 
movable puffer cylinder mechanically coupled to said mova 
ble contactor and a stationary puffer piston affixed to said 
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8 
short circuit coil. 

10. A circuit breaker according to claim 8, wherein said 
movable contactor comprises a central contactor element and 
a tubular member, said tubular member being electrically con 
nected directly to said short circuit coil and further including 
means, connected to said central contactor elements, for nor 
mally directing said central contactor through said short cir 
cuit coil to one of said terminals and for connecting said cen 
tral contactor element through said primary coil and said short 
circuit coil to said one of said terminals during the breaking 
operation of said breaker. 

11. A circuit breaker according to claim 10, wherein said 
normally directly connecting means comprises a knife edge 
contactor electrically connected to one end of said primary 
coil and a conductor connected directly to said central con 
tactor element and the other end of said primary coil, said 
knife edge contactor and said contactor being displaced with 
respect to each other. 

x x is 
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